INTRODUCTION
lostella pupae daily. Parasitoid adults were held in glass tubes (2 cm diameter and 10 cm depth) and fed honey at 15°C and LD 16:8 h. Only 3 to 7-dayold females that had mated and not yet oviposited were used for the experiments.
Parasitization experiments were performed in the glass tubes at 25°C and LD 16:8 h. A second-, third-, early fourth-(less than 24 h after molting), or late fourth-(prepupa without the cocoon) stadium larva, or a fresh pupa without the cocoon (less than 24 h after molting) of P. xylostella was singly presented to a female parasitoid. After parasitization, the wasp was removed from the arena and hosts were reared individually in polystyrene tubes (1.5 cm diameter and 6.5 cm depth) with radish sprouts at 25°C and LD 16:8 h. Pupated hosts were transferred to 1.5 ml polypropylene microtubes and emergence of both parasitoids and hosts was checked daily.
Host acceptance rate, frequency of antennal contact until acceptance, and sequence of oviposition behavior. Host acceptance behavior of O. sokolowskii females on different aged hosts was observed and recorded using a binocular microscope. Criteria of acceptance were based on whether or not the female performed ovipositor penetration within 30 min after its introduction into the glass tube. A two-way contingency table with a chi-square analysis (likelihood ratio test) was used to determine whether host acceptance rates were independent of host age. For females that accepted the host, frequencies of antennal contact with the host until acceptance were compared among different aged hosts. One-way ANOVA test was used to determine whether the number of contacts was independent of host age. Each host stage was presented to a minimum of 20 female wasps.
The oviposition behavior of O. sokolowskii females after contacting the host was observed and recorded using a binocular microscope. Observations were conducted until the female completed oviposition or a minimum of 30 min elapsed. A one-way ANOVA test was used to determine whether the time required for each oviposition behavior pattern was independent of host age.
Development times. To compare parasitoid development times among different aged hosts, singly parasitized hosts were reared at 25°C and LD 16:8 h. Parasitized host pupae were maintained separately until parasitoid emergence. For each stage, a minimum of 40 hosts was parasitized.
Parasitoid emergence rates. Female wasps were individually presented hosts of different stages as previously described. Only those hosts into which wasps were observed to insert their ovipositor were used in the experiment. The number of hosts from which parasitoids emerged was recorded. The mortality of unparasitized hosts was also examined as a control. A two-way contingency table with a chi-square analysis (likelihood ratio test) was used to determine whether emergence rates of parasitoids and mortality rates of hosts were independent of host age.
Parasitism rate. Because the experiments on host acceptance and parasitoid emergence were done separately, parasitism rates for each host stage were estimated by multiplying the acceptance rate by the parasitoid survival rate.
RESULTS

Host acceptance and oviposition behavior
After contacting the host, the following three behavioral events were recognized in oviposition behavior of O. sokolowskii: (1) drumming by antennae, (2) ovipositor penetration and oviposition, and (3) host feeding (ϭconcurrent host feeding). Ovipositor penetration and oviposition were not behaviorally distinguishable. After oviposition, parasitoids withdrew their ovipositor and some females started host feeding. Some females repeated ovipositor penetration followed by host feeding two or three times (data not shown). After contacting and drumming the host, some females left the host immediately without trying to oviposit. The percentage of host pupae that was accepted for ovipositor penetration was significantly lower than for any other host stage (Table 1 ; chi-square test, pϽ0.05). The number of antennal contacts with the host prior to acceptance tended to decrease with host age, but did not differ significantly among treatments (Table 1; one-way ANOVA, pϾ0.05). Repeated contacts with a host were usually caused by the host trying to escape or trying to bite the parasitoid.
The durations of drumming, oviposition and host feeding are shown in Table 2 . There were no significant differences in drumming time among females which encountered hosts of different ages. Some females failed to complete ovipositor penetration and oviposition because the host escaped. When ovipositor penetration was repeated on the same host, the longest time taken for penetration was used as the measured value. Time required for ovipositor penetration and oviposition were significantly longer in early and late fourth-stadia host larvae, than in second-and third-stadium larvae (Tukey-Kramer's multiple comparison test, pϽ 0.05). While five out of 20 females accepted host pupae (Table 1) , we did not measure the duration of the oviposition event for this host stage. About one third to one half of the females host-fed after ovipositing but no significant differences were found in the frequency of host feeding among the different host ages (Table 2 ; chi-square test, pϾ0.05). Duration of host feeding was significantly longer on third-stadium than on second-stadium larvae of P. xylostella (Tukey-Kramer's multiple comparison test, pϽ0.05). Table 3 shows the development times of O. sokolowskii in the different aged hosts. Across all host stadia, the duration of development could be divided into 2 ranges: 15 to 33 (short), and 36 to 83 (long) days (Fig. 1) . Development times of the parasitoid in second-, third-, and late fourth-stadia lar- vae were skewed to short days, while those in early fourth-stadia larvae were skewed to long days. Mean parasitoid development time in early fourthstadium larva was significantly longer than in the other host stadia (Table 3 , Kruskal-Wallis test, pϽ0.05), while that in late fourth-stadium larvae was significantly shorter than the other host stadia (Table 3 , Kruskal-Wallis test, pϽ0.05). The comparison of actual numbers of wasps emerged in short and long days showed the same statistical results. All wasps of a clutch emerged from a host within a day. The shortest duration of development was 15 days in every host stadia and the longest was 83 days in the second-stadium host. Data on hosts parasitized as pupae are not shown because no parasitoids emerged from this host stage.
Development times
Parasitoid emergence rate, host mortality, and estimated parasitism rate
Emergence rates of the parasitoid and mortality rates of the host are shown in Table 4 . After ovipositor penetration, O. sokolowskii killed hosts in all stages except for pupae. The percentage emergence of parasitoids from each clutch tended to increase with host stage (chi-square test, pϽ0.05). This difference was due in part to high mortality of younger hosts, since unparasitized young hosts also suffered high mortality (Table 4) . As for pupae, some females inserted their ovipositor but none laid any eggs. Parasitism rates calculated as host acceptance rates (Table 1) multiplied by parasitoid emergence rates (Table 4) were 45.8% for second-instars, 44.4% for third-instars, 58.1% for early fourth-instars, and 68.8% for late fourth-instars.
DISCUSSION
There were no significant differences in the percentages of host acceptance and the mean number of antennal contacts among the different host larval stadia (Table 1) . However, the number of antennal contacts was slightly higher on second-stadium larvae than other stages. Both the percentages of emergence in the parasitoid and estimated parasitism rates tended to be higher in fourth-instars than in second-and third-instars for parasitization. Talekar and Hu (1996) reported that O. sokolowskii preferred third-and fourth-stadia larvae over firstand second-stadia larvae. The larval-pupal parasitoid, Tetrastichus giffardianus also preferred 5-and 6-d-old tephritid larvae over 4-d-old larvae (Purcell et al., 1996) . However, Wang et al. (1999) reported that O. sokolowskii did not prefer any particular stadium of host larvae. Wang et al. put five parasitoids and 24 hosts together in a container for 24 h, while in the present study, a single host was presented to a single parasitoid under direct obser-370
A. Nakamura and T. Noda (Sokal and Rohlf, 1995) at pϭ0.05 level. vation. This difference in methods might explain the different results. Because O. sokolowskii is a larval-pupal parasitoid, in order to achieve successful parasitism, it is necessary for hosts to survive until pupation. Since the mortality rate of secondstadium hosts was higher than that of fourth-stadium hosts (Table 4) , the results suggest that fourth-stadium host larvae are more suitable hosts for O. sokolowskii than second-stadium hosts. The same conclusion can be drawn from Wakisaka et al. (1992) who analyzed life tables of P. xylostella and reported that the mortality of eggs and younger larvae accounted for a large proportion of the total mortality in the field. Oviposition behavior of O. sokolowskii could be divided into the three steps described in Results. Although the time taken for drumming did not differ significantly among different host ages, the duration of ovipositor penetration and oviposition was significantly longer on early and late fourth-stadium larvae than on second-and third-stadia larvae ( Table 2 ). The extra time taken for oviposition on fourth-stadium larvae might be due to the larger number of eggs oviposited as well as toughness of the penetrated host cuticle. It is necessary to investigate clutch sizes for different aged hosts. Ikawa and Suzuki (1982) found a close correlation between the time taken for oviposition and the number of eggs oviposited in the host in the gregarious parasitoid Cotesia (Apanteles) glomerata.
Development times showed a bimodal distribution, i.e., ranged from 15 to 33 and from 36 to 83 days (Fig. 1) . The developmental duration was generally skewed to short days except for early fourthstadium larvae where development times were skewed to long days (Table 3 ). In addition, most of the parasitoids from late fourth-instar hosts emerged in short days. However, Wang et al. (1999) reported that developmental time in O. sokolowskii from egg to adult did not differ significantly among different host ages (16.5-17 .3 days at 25°C, corresponding to the short days in the present study). It is unknown why the time after molting of fourth-stadium larvae influenced parasitoid development. Brodeur and McNeil (1989) demonstrated that low temperatures and short day length were the stimuli inducing prepupal diapause of the aphidiid parasitoid, Aphidius nigripes. However, because rearing and experimental conditions were the same among different host ages, it is unlikely that external stimuli directly induced the parasitoid's diapause. The host endocrine system might also be associated with the delay in the development shown in O. sokolowskii. Parasitoid development can be influenced by host physiology (Beckage, 1985; Lawrence, 1990) . For example, Hu et al. (1986) showed that the larvae of the braconid parasitoid, Glyptapanteles flavicoxis developed faster on fourth-stadium Lymantria dispar larvae than on younger hosts. It is known that the first-instars of several parasitoids initiate their growth in synchrony with the onset of host metamorphosis (Lawrence, 1990) . However, the progeny developing from early fourth-instars could develop continuously to full grown larvae, while remaining dormant in the host pupa stage (Nakamura and Noda, unpublished data). Thus, the onset of host metamorphosis can not explain the delay in the development in O. sokolowskii. It is well known that the levels of ecdysteroids and JH in hemolymph change with larval growth in Lepidoptera (Downer and Laufer, 1983) . These changes might have affected O. sokolowskii larvae although the mechanism remains unclear. Therefore, further investigation is needed to determine the physiological mechanism and ecological meaning of the delay in development.
